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ABSORBER LAYER FOR DSA PROCESSING 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] Embodiments of the present invention generally relate to the fabrication of 
integrated circuits. More specifically, embodiments of the present invention 
generally relate to processes for depositing a layer on a substrate and then 
annealing the substrate. 

Description of the Related Art 

[0002] Many processes in integrated circuit fabrication require rapid high 
temperature processing steps for deposition of layers on semiconductor substrates, 
such as silicon-containing substrates, or annealing of previously deposited layers on 
semiconductor substrates. For example, after dopant ions, such as boron, 
phosphorus, or arsenic, are implanted into a semiconductor substrate, the substrate 
is typically annealed to repair the crystalline structure of the substrate that was 
disrupted during the doping process and to activate the dopants. 

[0003] It is typically preferred to heat and cool substrates quickly to minimize the 
amount of time that a substrate is exposed to high temperatures that can cause 
unwanted diffusion and damage the substrate. Rapid Thermal Processing (RTF) 
chambers and methods that can raise substrate temperatures at rates on the order 
of about 200 to 400°C/second have been developed. RTF processes provide an 
improved rapid heating method compared to the heating provided by batch furnaces, 
which typically raise substrate temperatures at a rate of about 5-15°C/minute. 

[0004] While RTF processes can heat and cool a substrate quickly, RTF 
processes often heat the entire thickness of a substrate. Heating the entire 
thickness of a semiconductor substrate is often unnecessary and undesirable, as the 
devices requiring annealing on a semiconductor substrate typically only extend 
through a top surface layer, such as a few microns of the substrate. Furthermore, 
heating the entire thickness of the substrate increases the amount of time required 



2 



PATENT 

Attorney Docket No.: AMAT/8764/FEP/OXD/JW 
Express Mail No.: EV335470215US 



for the substrate to cool down, which can increase the time required to process a 
substrate and thus reduce substrate throughput in a semiconductor processing 
system. Increasing the amount of time required for the substrate to cool down also 
limits the amount of time the substrate can be exposed to the elevated temperature 
required for activation. 

[0005] Uneven heating across the surface of a substrate is another problem that 
is often experienced with RTP or other conventional substrate heating processes. 
As today's integrated circuits generally include a plurality of devices spaced at 
varying densities across a surface of a substrate and having different sizes, shapes, 
and materials, a substrate surface can have very different thermal absorption 
properties across different areas of the substrate surface. For example, a first 
region of a substrate having a lower density of devices thereon typically will be 
heated faster than a second region of the substrate that has a higher density of 
devices thereon than the first region. Varying reflectivities across different areas of 
the substrate surface can also make uniform heating of the substrate surface 
challenging. 

[0006] Therefore, there remains a need for a method of uniformly heating a 
semiconductor substrate across a surface of the substrate during an annealing 
process. 

SUMMARY OF THE INVENTION 

[0007] Embodiments of the invention provide a method of processing a substrate 
comprising depositing a layer on the substrate, and then laser annealing the 
substrate. In one aspect, the layer comprises amorphous carbon. In another 
aspect, the layer further comprises nitrogen, boron, phosphorus, fluorine, or 
combinations thereof. In one embodiment, the layer is laser annealed after 
implanting dopant ions into the substrate. 

[0008] In another aspect, a method of processing a substrate is provided, the 
method comprising depositing a layer having a thickness of between about 200 A 
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and about 2.5 pm under conditions sufficient to provide the layer with an ennissivity 
of about 0.84 or greater for electromagnetic radiation having a wavelength of 
between about 600 nm and about 1000 nm, and then laser annealing the substrate, 

[0009] A substrate, processed by a method comprising depositing a layer 
comprising amorphous carbon on the substrate, and then laser annealing the 
substrate is also provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] So that the manner in which the above recited features of the present 
invention can be understood in detail, a more particular description of the invention, 
briefly summarized above, may be had by reference to embodiments, some of which 
are illustrated in the appended drawings. It is to be noted, however, that the 
appended drawings illustrate only typical embodiments of this invention and are 
therefore not to be considered limiting of its scope, for the invention may admit to 
other equally effective embodiments. 

[0011] Figure 1 is a cross-sectional diagram of an exemplary chemical vapor 
deposition reactor configured for use according to embodiments described herein, 

[0012] Figure 2 is a diagram of a side view of a laser annealing apparatus for use 
according to embodiments described herein. 

[0013] Figures 3A-3F are cross sectional views showing an embodiment of a 
substrate processing sequence. 

[0014] Figure 4 is a graph showing % absorption of radiation by layers deposited 
according to embodiments described herein. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0015] Embodiments of the invention provide a method of processing a substrate, 
comprising depositing a layer on the substrate to promote uniform heating across a 
surface of the substrate during laser annealing of the substrate. In one embodiment, 
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the layer is deposited to a thickness of between about 200 A and about 2.5 pm 
under conditions sufficient to provide the layer with an emisslvity of about 0.84 or 
greater for electromagnetic radiation having a wavelength of between about 600 nm 
and about 1000 nm, and then laser annealing the substrate. 

[0016] In one embodiment, the layer comprises amorphous carbon and 
hydrogen. In one aspect, the layer is an amorphous carbon layer comprising carbon 
atoms and hydrogen atoms. In another embodiment, the layer comprises 
amorphous carbon, hydrogen, and a dopant selected from a group consisting of 
nitrogen, boron, phosphorus, fluorine, or combinations thereof. In one aspect, the 
layer is a doped amorphous carbon layer comprising carbon atoms, hydrogen 
atoms, and dopant atoms selected from the group consisting of nitrogen, boron, 
phosphorus, fluorine, and combinations thereof. In all embodiments, preferably, the 
layer includes no metal or substantially no metal. The layer may be deposited by 
plasma enhanced chemical vapor deposition (PECVD) of a gas mixture comprising 
a carbon source. Preferably, the carbon source is a gaseous hydrocarbon. For 
example, the carbon source may be propylene (CsHe). The gas mixture may be 
formed from a carbon source that is a liquid precursor or a gaseous precursor. In 
one embodiment, a liquid precursor is used to improve sidewall and corner coverage 
of devices or features that may be on the substrate. The gas mixture may further 
comprise a carrier gas, such as helium (He). The layer may be deposited to a 
thickness of between about 100 A and about 20,000 A. Preferably, the layer is 
deposited to a thickness between about 800 A and about 1500 A, such as a 
thickness of about 1200 A. The layer may be deposited in any chamber capable of 
performing PECVD. In one embodiment, the layer is deposited under high density 
plasma conditions to enhance the gap filling capability of the layer between devices 
or features on the substrate. An example of a chamber that may be used is the a 
DSM APF chamber, available from Applied Materials, Inc., of Santa Clara, CA. 

[0017] Figure 1 shows an example of a vertical, cross-section view of a parallel 
plate CVD processing chamber 10. The chamber 10 includes a high vacuum region 
15 and a gas distribution manifold 11 having perforated holes for dispersing process 
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gases therethrough to a substrate (not shown). The substrate rests on a substrate 
support plate or susceptor 12. The susceptor 12 is mounted on a support stem 13 
that connects the susceptor 12 to a lift motor 14. The lift motor 14 raises and lowers 
the susceptor 12 between a processing position and a lower, substrate-loading 
position so that the susceptor 12 (and the substrate supported on the upper surface 
of susceptor 12) can be controllably moved between a lower loading/off-loading 
position and an upper processing position which is closely adjacent to the manifold 
1 1 . An insulator 17 surrounds the susceptor 12 and the substrate when in an upper 
processing position. 

[0018] Gases introduced to the manifold 11 are uniformly distributed radially 
across the surface of the substrate. A vacuum pump 32 having a throttle valve 
controls the exhaust rate of gases from the chamber 10 through a manifold 24. 
Deposition and carrier gases, if needed, flow through gas lines 18 into a mixing 
system 19 and then to the manifold 11. Generally, each process gas supply line 18 
includes (i) safety shut-off valves (not shown) that can be used to automatically or 
manually shut off the flow of process gas into the chamber, and (ii) mass flow 
controllers (not shown) to measure the flow of gas through the gas supply lines 18. 
When toxic gases are used in the process, several safety shut-off valves are 
positioned on each gas supply line 18 in conventional configurations. 

[0019] A controlled plasma is typically formed adjacent the substrate by RF 
energy applied to the gas distribution manifold 11 using a RF power supply 25. 
Alternatively, RF power can be provided to the susceptor 12. The RF power to the 
deposition chamber may be cycled or pulsed. The power density of the plasma is 
between about 0.0016 W/cm^ and about 155 W/cm^ which corresponds to a RF 
power level of about 1 .1 W to about 100 kW for a 300 mm substrate. 

[0020] The RF power supply 25 can supply a single frequency RF power 
between about 0.01 MHz and 300 MHz, such as about 13.56 MHz. Alternatively, 
the RF power may be delivered using mixed, simultaneous frequencies to enhance 
the decomposition of reactive species introduced into the high vacuum region 15. In 
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one aspect, the mixed frequency is a lower frequency of about 12 kHz and a higher 
frequency of about 13.56 mHz. In another aspect, the lower frequency nnay range 
between about 300 Hz to about 1 ,000 kHz, and the higher frequency may range 
between about 5 mHz and about 50 mHz. 

[0021] Typically, any or all of the chamber lining, distribution manifold 11, 
susceptor 12, and various other reactor hardware is made out of materials such as 
aluminum or anodized aluminum. An example of such a CVD reactor is described in 
U.S. Patent No. 5,000,113, entitled "A Thermal CVD/PECVD Reactor and Use for 
Thermal Chemical Vapor Deposition of Silicon Dioxide and In-situ Multi-step 
Planarized Process," which Is Incorporated by reference herein. 

[0022] A system controller 34 controls the motor 14, the gas mixing system 19, 
and the RF power supply 25 which are connected therewith by control lines 36. The 
system controller 34 controls the activities of the CVD reactor and typically includes 
a hard disk drive, a floppy disk drive, and a card rack. The card rack contains a 
single board computer (SBC), analog and digital Input/output boards. Interface 
boards, and stepper motor controller boards. The system controller 34 conforms to 
the Versa Modular Europeans (VME) standard which defines board, card cage, and 
connector dimensions and types. The VME standard also defines the bus structure 
having a 16-blt data bus and 24-bit address bus. 

[0023] The carbon source may be Introduced Into the mixing system 19 at a rate 
of between about 30 seem and about 3000 seem, and the carrier gas may be 
introduced Into the chamber at a rate of between about 100 seem and about 5000 
seem. During deposition, the substrate is maintained at a temperature between 
about 200°C and about 1500''C, such as a temperature between about 300°C and 
about 700^C. For example, the substrate may be maintained at a temperature of 
about 550''C. The deposition pressure is typically between about 5 Torr and about 
50 Torr, such as about 7 Torr. RF power of between about 500 W and about 1500 
W may be applied in the chamber at a frequency of about 13.56 MHz. 



7 



PATENT 

Attorney Docket No.: AMAT/8764/FEP/OXD/JW 
Express Mail No.: EV33547Q215US 

[0024] In another embodiment, the layer comprises amorphous carbon and 
nitrogen. The layer may be deposited by PECVD of a gas mixture comprising the 
carbon source and a dopant source selected from the group consisting of a nitrogen 
source, a boron source, a phosphorus source, a fluorine source, and combinations 
thereof. Preferably, the nitrogen source is nitrogen (N2). The gas mixture may 
further comprise a carrier gas, such as helium (He). The carbon source may be 
Introduced into the mixing system 19 at a rate of between about 30 seem and about 
3000 seem, the dopant source may be introduced into the mixing system 19 at a rate 
of between about 30 seem and about 5000 seem, and the carrier gas may be 
introduced into the mixing system 19 at a rate of between about 160 seem and about 
5000 seem. The layer may be deposited to a thickness of between about 800 A and 
about 1500 A, such as a thickness of about 1150 A. During deposition, the 
substrate is maintained at a temperature between about 200''C and about 1500°C. 
Preferably, the substrate is maintained at a temperature between about 400''C and 
about SOO'^C. For example, the substrate may be maintained at a temperature of 
about 400°C. The deposition pressure is typically between about 5 Torr and about 
50 Torr, such as about 7 Torr. 

[0025] After the layer is deposited on the substrate, the substrate is laser 
annealed. Preferably, the substrate is laser annealed with continuous wave 
electromagnetic radiation emitted from a laser. As defined herein, "continuous wave 
electromagnetic radiation" is radiation that is emitted continuously, i.e., not in a burst 
or pulse. Alternatively, the substrate may be laser annealed with pulses of 
electromagnetic radiation. 

[0026] In one embodiment, the electromagnetic radiation has a wavelength 
between about 600 nm and about 1000 nm. In a preferred embodiment, the 
electromagnetic radiation has a wavelength between about 808 nm and about 810 
nm. Preferably, the extinction coefficient of the layer at a wavelength of about 808 
nm to about 810 nm is about 0.01 to about 2.0. Typically, the power density of the 
electromagnetic radiation emitted by the laser is between about 10 kW/cm^ and 
about 200 kW/cm^, such as about 60 kW/cm^. 
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[0027] During the laser annealing, the substrate is scanned with a line of 
radiation emitted by the laser. The line of electromagnetic radiation may be between 
about 3 pm and about 500 pm wide, such as about 35 ism wide. The 
electromagnetic radiation emitted by the laser is substantially absorbed by the layer. 
The layer reflects little if any of the electromagnetic radiation emitted by the laser. 
Thus, the layer may be described as both an absorber layer and an anti-reflective 
coating layer. The layer then transfers the thermal energy created by the absorbed 
electromagnetic radiation to the substrate on which the layer is deposited, and the 
substrate is heated and annealed. Preferably, only a top surface layer of the 
substrate, such as the top 15 |jm of the substrate surface that faces the laser is 
heated and annealed. Thus, in one embodiment, the annealing process is a 
dynamic surface annealing (DSA) process. In one embodiment, a top surface layer 
of the substrate is heated to a temperature between about IIOO'^C and about 
1410°C and cooled down to near ambient temperjature in a time on the order of 1 
millisecond. 

[0028] An example of a laser apparatus 200 that may be used with embodiments 
described herein is shown in Figure 2. The apparatus 200 comprises a continuous 
wave electromagnetic radiation module 201, a stage 216 configured to receive a 
substrate 214 thereon, and a translation mechanism 218. The continuous wave 
electromagnetic radiation module 201 comprises a continuous wave electromagnetic 
radiation source 202 and focusing optics 220 disposed between the continuous 
wave electromagnetic radiation source 202 and the stage 216. 

[0029] In a preferred embodiment, the continuous wave electromagnetic radiation 
source 202 is capable of emitting radiation continuously for at least 15 seconds. 
Also, in a preferred embodiment, the continuous wave electromagnetic radiation 
source 202 comprises multiple laser diodes, each of which produces uniform and 
spatially coherent light at the same wavelength. In yet another preferred 
embodiment, the power of the laser diode/s is in the range of 0.5kW to 50kW, but 
preferably approximately 2kW. Suitable laser diodes are made by Coherent Inc. of 
Santa Clara, California; Spectra-Physics of California; or by Cutting Edge Optronics, 
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Inc. of St. Charles Missouri. A preferred laser diode is made by Cutting Edge 
Optronics, although another suitable laser diode is Spectra Physics' MONSOON® 
multi-bar module (MBM), which provides 40-480 watts of continuous wave power 
per laser diode module. 

[0030] The focusing optics 220 preferably comprise one or more collimators 206 
to collimate radiation 204 from the continuous wave electromagnetic radiation 
source 202 into a substantially parallel beam 208. This collimated radiation 208 is 
then focused by at least one lens 210 into a line of radiation 222 at an upper surface 
224 of the substrate 214. 

[0031] Lens 210 is any suitable lens, or series of lenses, capable of focusing 
radiation into a line. In a preferred embodiment, lens 210 is a cylindrical lens. 
Alternatively, lens 210 may be one or more concave lenses, convex lenses, plane 
mirrors, concave mirrors, convex mirrors, refractive lenses, diffractive lenses, 
Fresnel lenses, gradient index lenses, or the like. 

[0032] The stage 216 is any platform or chuck capable of securely holding the 
substrate 214 during translation, as explained below. In a preferred embodiment, the 
stage 216 includes a means for grasping the substrate, such as a frictional, 
gravitational, mechanical, or electrical system. Examples of suitable means for 
grasping include, mechanical clamps, electrostatic or vacuum chucks, or the like, 

[0033] The apparatus 200 also comprises a translation mechanism 218 
configured to translate the stage 216 and the line of radiation 222 relative to one 
another. In one embodiment, the translation mechanism 218 is coupled to the stage 
216 to move the stage 216 relative to the continuous wave electromagnetic radiation 
source 202 and/or the focusing optics 220. In another embodiment, the translation 
mechanism 218 is coupled to the continuous wave electromagnetic radiation source 
202 and/or the focusing optics 220 to move the continuous wave electromagnetic 
radiation source 202 and/or the focusing optics 220 relative to the stage 216. In yet 
another embodiment, the translation mechanism 218 moves both the continuous 
wave electromagnetic radiation source 202 and/or the focusing optics 220, and the 
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Stage 216. Any suitable translation mechanism may be used, such as a conveyor 
system, rack and pinion system, or the like. 

[0034] The translation mechanism 218 is preferably coupled to a controller 226 to 
control the scan speed at which the stage 216 and the line of radiation 222 move 
relative to one another. In addition, translation of the stage 216 and the line of 
radiation 222 relative to one another is preferably along a path perpendicular to the 
line of radiation 222 and parallel to the upper surface 224 of the substrate 214. In a 
preferred embodiment, the translation mechanism 218 moves at a constant speed. 
Preferably, this constant speed is approximately 2 cm/s for a 35 micron wide line. In 
another embodiment, the translation of the stage 216 and the line of radiation 222 
relative to one another is not along a path perpendicular to the line of radiation 222. 

[0035] The laser shown and described with respect to Figure 2 and other 
embodiments of lasers that may be used with the embodiments described herein are 
further described in commonly assigned U.S. Patent Application Serial No. 
10/126,419, filed April 18, 2002, entitled 'Thermal Flux Process by Scanning." which 
is incorporated by reference herein. 

[0036] After the substrate is annealed, the layer may be removed from the 
substrate. In embodiments in which the layer comprises amorphous carbon or 
amorphous carbon and a dopant selected from a group consisting of nitrogen, 
boron, phosphorus, fluorine, or combinations thereof, the layer may be removed 
from the substrate by an oxygen ashing process. 

[0037] An exemplary substrate processing sequence according to an 
embodiment of the invention is described below with respect to Figures 3A-3F. A 
substrate 300 comprising silicon is provided, as shown Figure 3A. A field oxide 
layer 302, a gate dielectric 304, and a gate electrode 306 are deposited and 
patterned on the substrate 300 according to conventional methods to form gate 
source area 303 and drain source area 305 in the substrate 300, as shown in Figure 
3B. Dopant ions are then Implanted into the substrate 300 to form gate source 308 
and gate drain 310, as shown in Figure 3C. A layer 312 comprising amorphous 
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carbon and optionally a dopant is then deposited according to an embodiment of the 
invention on the substrate 300, as shown in Figure 3D. The substrate 300 is then 
laser annealed according to an embodiment of the invention, as shown in Figure 3E. 
The layer 312 is then removed from the substrate, as shown in Figure 3F, such as 
by an oxygen ashing process. 

[0038] While Figures 3A-3F show only one gate device on a substrate, it is 
recognized that the layers described herein will typically be formed on a substrate 
that includes a plurality of devices of different sizes, types, and materials and 
spaced at varying densities across the surface of the substrate. It is believed that 
the layers promote uniform heating across a surface of the substrate during laser 
annealing of the substrate in spite of varying device topography across the surface 
of a substrate. In particular, it is believe that the layers have high emissivities for 
electromagnetic radiation having a wavelength of between about 808 nm and about 
810 nm that promote uniform heating across a surface of the substrate during a 
laser annealing process in which the substrate is exposed to electromagnetic 
radiation having a wavelength of between about 808 nm and about 810 nm. 

[0039] Examples 

[0040] Examples 1-9 

[0041] A layer comprising amorphous carbon was deposited on 9 silicon 
substrates in a PECVD chamber under the following processing conditions: 550°C, 
7 Torr, 700 watts RF power at a frequency of 13.56 MHz, 1200 seem CsHe, 650 
seem He, and a spacing of 270 mils between the chamber showerhead and the 
substrate support. The layer was deposited in the absence of a chamber shadow 
ring in Examples 1 -7. The layer was deposited with a chamber shadow ring present 
in Examples 8 and 9. The substrate was then laser annealed according to 
embodiments provided herein. The thickness of the deposited layer, deposition 
time, and the emissivity of the layer to electromagnetic radiation of 810 nm are 
shown in Table 1 . 
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TABLE 1 



Substrate 


Approximate 


Emissivity 


Deposition 




Thickness (A) 




Time (Sec) 


1 


936 


0.89 


63 


2 


800 


0.84 


54 


3 


900 


0.89 


61 


4 


1000 


0.91 


68 


5 


1100 


0.93 


74 


6 


1200 


0.94 


81 


7 


1300 


0.92 


88 


8 


900 


0.87 


34 


9 


1200 


0.9 


45 



[0042] Examples 10-17 

[0043] A layer comprising amorpfious carbon and nitrogen was deposited on 8 
silicon substrates in a PECVD chamber under the following processing conditions: 
400''C, 7 Torr, 1200 watts RF power at a frequency of 13.56 MHz, 350 seem CsHe, 
3400 seem N2, and a spacing of 270 mils between the chamber showerhead and the 
substrate support. The layer was deposited was deposited in the absence of a 
chamber shadow ring in Examples 10-15. The layer was deposited with a chamber 
shadow ring present in Examples 16 and 17. The substrate was then laser 
annealed according to embodiments provided herein. The thickness of the 
deposited layer, deposition time, and the emissivity of the layer to electromagnetic 
radiation of 81 0 nm is shown in Table 2. 
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TABLE 2 



Substrate 


Approximate 
Thickness (A) 


Emissivity 


Deposition 
Time (Sec) 


10 


800 


0.91 


17 


11 


900 


0.95 


19 


12 


1000 


0.98 


21 


13 


1100 


0.99 


24 


14 


1200 


0.99 


26 


15 


1300 


0.97 


28 


16 


850 


0.94 


17 


17 


1200 


0.98 


25 



[0044] As shown in Tables 1 and 2, the layers comprising amorphous carbon and 
amorphous carbon and nitrogen and having a thickness between about 800 A and 
about 1500 A had emissivities of 0.84 or greater for electromagnetic radiation having 
a wavelength of between about 600 nm and about 1000 nm, such as between about 
808 nm and about 810 nm, e.g., 810 nm. It was unexpectedly found that the layers 
comprising amorphous carbon and nitrogen had higher emissivities than layers of a 
comparable thickness that included amorphous carbon but not nitrogen. It is 
believed nitrogen increases the thermal conductivity of an amorphous carbon layer, 
as the band gap for an amorphous carbon layer deposited by PECVD is typically 
about 1 .4 eV, while the band gap of an amorphous carbon layer comprising nitrogen 
is typically about -0.6 eV. 

[0045] Figure 4 shows the % absorption of radiation having a wavelength of 810 
nm of layers with different light absorption coefficients, k, and comprising amorphous 
carbon or amorphous carbon and nitrogen. Figure 4 shows that the layers 
comprising amorphous carbon and nitrogen absorbed a larger amount of the 
electromagnetic radiation having a wavelength of 810 nm than the layers of a 
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comparable thickness that comprised carbon but not nitrogen. It is believed that 
adding nitrogen to an amorphous carbon layer increases the absorption of the layer 
of electromagnetic radiation having a wavelength of between about 808 nm and 
about 810 nm. 

[0046] Other advantages of layers comprising amorphous carbon and nitrogen 
are recognized. For example, a layer comprising amorphous carbon and nitrogen 
can be deposited to a thickness, such as about 1150 A, at a lower temperature, 
such as at about 400''C, to achieve good absorption of electromagnetic radiation 
having a wavelength of between about 700 nm and about 1 mm, while a layer 
comprising amorphous carbon but not nitrogen typically must be deposited to a 
thickness, such as about 1200 A, at a higher temperature, such as at about SSO^'C, 
to achieve good absorption of electromagnetic radiation having a wavelength of 
between about 808 nm and about 810 nm. A lower deposition temperature is 
preferred, as it minimizes the substrate's exposure to temperatures that can cause 
undesirable re-crystallization of the silicon in the substrate. 

[0047] While the foregoing is directed to embodiments of the present invention, 
other and further embodiments of the invention may be devised without departing 
from the basic scope thereof, and the scope thereof is determined by the claims that 
follow. 
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